Recent studies have suggested that rituximab has clinical activity and modulates antiapoptotic proteins associated with drug resistance in chronic lymphocytic leukemia (CLL). We performed a randomized phase 2 study to determine the efficacy, safety, and optimal administration schedule of rituximab with fludarabine in previously untreated CLL patients. Patients were randomized to receive either 6 monthly courses of fludarabine concurrently with rituximab followed 2 months later by 4 weekly doses of rituximab for consolidation therapy or sequential fludarabine alone followed 2 months later by rituximab consolidation therapy. A total 
Introduction
Chronic lymphocytic leukemia (CLL) is the most common adult leukemia occurring in the Western hemisphere. Despite the longer than 10-year life expectancy in early-stage patients, patients who progress or have more advanced stage CLL have a median survival between 18 months and 3 years. 1, 2 Therapy with chlorambucil has until recently been the standard treatment for patients with symptomatic CLL. Promising results were observed when fludarabine was used for patients with prior alkylating treatment 3, 4 and for those with symptomatic untreated CLL. 5 Three phase 3 studies compared fludarabine with alkylator-based therapies. [6] [7] [8] The North American intergroup study examining chlorambucil monotherapy, as compared with fludarabine, demonstrated a significantly higher overall response rate, a higher complete response (CR) rate, and a longer progression free survival (PFS) when fludarabine was used. 7 Toxicities were similar, except for more frequent myelosuppression and infections on the fludarabine arm. Similar findings were noted in 2 European studies, 6, 8 demonstrating that fludarabine was superior to alkylator-based therapy (cyclophosphamide, adriamycin, and prednisone) and had an acceptable toxicity profile. The results of these studies provide justification for using fludarabine as first-line therapy in the treatment of CLL.
Despite the observed success with fludarabine, only 20% of previously untreated CLL patients attain a CR, and virtually all of these patients eventually experience a relapse. There is interest in developing new combination therapies for CLL with agents that can be added to fludarabine to increase the CR rate, following strategies that have been successful in such curable malignancies as diffuse large-cell lymphoma, acute leukemia, and testicular cancer.
Documented synergy between fludarabine and cyclophosphamide 9, 10 has led to a recently initiated phase 3 study of cyclophosphamide and fludarabine compared with fludarabine alone by the Eastern Cooperative Oncology Group. Combinations that include agents with a different toxicity profile from fludarabine would represent a potential advantage over combination strategies with cytotoxic chemotherapy.
Rituximab is a chimeric monoclonal antibody directed against the cell-surface antigen CD20 that has single-agent activity in low-grade and diffuse large-cell non-Hodgkin lymphoma (NHL). [11] [12] [13] [14] [15] Since rituximab is selective for B lymphocytes, it does not cause significant cellular immune dysfunction or myelosuppression. In CLL and small lymphocytic lymphoma, the single-agent activity of rituximab with the use of standard NHL doses has been marginal. [16] [17] [18] [19] [20] However, recent studies in which the total dose of rituximab was escalated or given thrice weekly have demonstrated significantly more activity with this agent in patients with previously treated CLL. 21, 22 On the basis of the safety and efficacy of rituximab used as a single agent and in combination with chemotherapy in NHL, the Cancer and Leukemia Group B (CALGB) conducted a clinical trial to determine the ideal schedule for enhanced safety and efficacy of rituximab when combined with fludarabine for previously untreated patients with CLL.
Patients and methods

Subjects
Patients were enrolled on this multicenter trial after approval by local institutional review boards. All patients gave written informed consent. Patients were required to have histologically and immunophenotypically documented CLL as defined by the modified National Cancer Institute (NCI) 1996 guidelines. 23 Specifically, patients were required to have a lymphocyte count greater than 5 ϫ 10 9 /L, at least 30% bone marrow involvement with CLL, and an immunophenotype with malignant B-cells coexpressing CD5 and CD19 with dim surface immunoglobulin. Patients with bright expression of surface immunoglobulin were excluded. All patients either had Rai stage III/IV disease or required therapy for Rai stage I/II disease as defined by the NCI 1996 guidelines. Eligible patients had received no prior therapy for CLL. Entry requirements included age older than 17 years, a CALGB performance status of 3 or less, no requirement for chronic corticosteroid administration, a negative direct antiglobulin test, and a serum creatinine level of 1.5 times the upper limit of normal or less.
Pretreatment evaluation
All patients underwent screening that included a history, a physical examination, and laboratory and x-ray studies prior to entry onto the study. These tests included a complete blood count (CBC) with differential; tests for electrolytes, blood urea nitrogen (BUN), creatinine, total protein, albumin, calcium, phosphate, lactate dehydrogenase, uric acid, total bilirubin, and hepatic transaminases alanine aminotransaminase (ALT) and aspartase serine transaminase (AST) immunoglobulins; direct antiglobulin test; chest x-ray; and bone marrow aspirate and biopsy.
Treatment plan
Allopurinol (300 mg orally) was administered to all patients for the first 14 days. Antiemetics were not specified, but could not include corticosteroids. At 30 minutes prior to all rituximab doses, acetominophen (650 mg) and diphenhydramine (50 mg intravenously) were administered. Patients were randomly assigned to 1 of the 2 treatment regimens. All treatment was administered with outpatient intent, although a small proportion of patients received the first treatment with rituximab as an inpatient owing to concerns about prolonged infusion time and toxicity.
Sequential regimen
Patients received fludarabine (25 mg/m 2 ) intravenously daily over 20 to 30 minutes on days 1 through 5, with the treatment repeated every 28 days for a total of 6 cycles. Patients then underwent clinical restaging (physical examination, CBC with manual differential) followed by 2 months of observation and were again restaged (physical examination, CBC with manual differential, and bone marrow aspirate and biopsy) to determine their induction-therapy response. Patients with stable disease or better, as defined by the NCI criteria, 23 were then treated with 4 weekly doses of rituximab (375 mg/m 2 ), with the administration procedure identical to that described in the NHL trials. [13] [14] [15] [16] Clinical staging was repeated after rituximab therapy; patients were observed for 2 months and then completely restaged (physical examination, CBC with manual differential, and bone marrow aspirate and biopsy) to determine overall response according to the NCI 1996 criteria. 23 
Concurrent regimen
Patients received fludarabine in a dose and schedule similar to those described with the sequential regimen but with the addition of rituximab. Rituximab (375 mg/m 2 ) was administered on days 1 and 4 of cycle 1 of fludarabine therapy. Owing to the short half-life of rituximab in small lymphocytic lymphoma, 17 2 doses of rituximab were administered to the first 44 patients with the first cycle to ensure adequate saturation of CD20-binding sites. A single dose of rituximab was then administered on day 1 of cycles 2, 3, 4, 5, and 6. Patients were observed for 2 months after the completion of cycle 6 and then restaged to determine their response to induction therapy. Patients with stable disease or better, as defined by the NCI criteria, 23 were treated with 4 weekly doses of rituximab (375 mg/m 2 ), with dose escalation identical to that described in the NHL trials. Patients were then observed for 2 months and completely restaged to determine overall response according to the NCI 1996 criteria. 23 On the basis of the observation that stepped-up dosing improved the tolerability of rituximab, 22 the schedule of administration was modified for the last 7 patients. On day 1 of the first cycle only, the rituximab (50 mg/m 2 ) was administered intravenously over 4 hours without rate escalation. On day 3 of therapy, rituximab (325 mg/m 2 ) was administered intravenously at 50 mg/h, and then the infusion rate was escalated in 50-mg/h increments over 30 minutes to a maximum of 400 mg/h as tolerated. On day 5 and during all subsequent cycles of fludarabine, rituximab (375 mg/m 2 ) was administered at 100 mg/h for the first 15 minutes of the infusion, and then the rate was increased to infuse the entire dose over the next 45 minutes. Rituximab was then administered with this same 1-hour dosing on day 1 of cycles 2 through 6.
Assessment and management of toxicity
Hematologic toxicity was graded according to the modified NCI criteria for CLL, 23 while nonhematologic toxicity was graded according to the NCI Common Toxicity Criteria. Infusion toxicity was assessed according to the criteria shown in Appendix 2. Patients experiencing grade 3 or 4 neutropenia, thrombocytopenia, or anemia were observed without treatment until these hematologic parameters recovered to within 20% of the baseline value. Thereafter, they received either 75% (if they had grade 3 toxicity) or 50% (if they had grade 4 toxicity) of the original fludarabine dose for subsequent cycles. There were no dose reductions for rituximab therapy due to hematologic toxicity.
Acute infusion toxicity following rituximab administration that was reversible did not require subsequent dose reduction of this agent. At the onset of fever, chills, rigors, or other infusional reactions, patients had their infusion discontinued and received an additional dose of diphenhydramine (50 mg) and acetaminophen (650 mg). For those with rigors, meperidine (12.5 to 25 mg) and promethazine (12.5 to 25 mg) were administered intravenously. After resolution of symptoms, the rituximab infusion was restarted at a rate of 50 mg/h and then escalated as tolerated to 200 mg/h. If significant dyspnea or wheezing (in the absence of true allergic hypersensitivity findings such as urticaria, or tongue or laryngeal edema) occurred, the infusion was discontinued immediately. In this setting, corticosteroids (100 mg hydrocortisone) and histamine-2 (H 2 ) blockers (cimetidine, ranitidine, or famotidine) were administered. Upon resolution of symptoms, the infusion was restarted at a lower infusion rate (25 mg/h) with close monitoring.
Patients who developed an infection were observed without further CLL treatment until the infection had resolved, but no dose reductions were implemented in the absence of grade 3 or 4 neutropenia. Patients developing autoimmune hemolytic anemia or thrombocytopenia were removed from the study and treated with alternative therapy. Nonhematologic toxicities, including nausea, vomiting, fatigue, diarrhea, and drugrelated fever or chills, required no dose reductions. For other reversible nonhematologic toxicities that were grade 2 or greater and that were attributed to fludarabine, the dose was reduced by 50%. For grade 2 irreversible nonhematologic toxicities and other grade 3 or 4 nonhematologic toxicities, each case was evaluated on an individual basis to determine the appropriateness of continuing the fludarabine therapy.
Response evaluation
Patients were assessed with a detailed clinical evaluation (physical examination with lymph node, liver, and spleen measurement; and CBC with differential) at 2 months after completing induction and consolidation therapy (8 and 11 months from starting therapy). For patients attaining a clinical CR, a bone marrow biopsy and aspirate was also performed at these times. Criteria for response used the revised 1996 NCI-sponsored Working Group Guidelines. 23 As specified by these guidelines, a response had to be maintained for 2 months. Progression-free survival was defined from the time of randomization until progression, death, or last follow-up, whichever came first. Survival time was measured from the date of randomization until the time last seen alive (censored) or death (event).
Statistical analysis
Each arm of this randomized phase 2 was initially designed with a target accrual of 35 patients per arm to allow adequate power to detect an improvement in the CR rate from 20% to 40%. The protocol was later amended to allow 15 additional patients per arm so that each arm would have about 35 patients evaluable for response after the consolidation therapy.
Under the intention-to-treat principle, this report provides a summary of patient characteristics and outcomes of therapy on all enrolled patients. Response rates and their 95% confidence intervals are reported within each arm separately. Survival probabilities for response duration, PFS, and overall survival were estimated within each arm with the use of the method of Kaplan and Meier. The standard errors for these estimates were obtained by means of the variance estimate. Logistic regression within each arm was used to test the association of toxicity with pretreatment characteristics. Logistic regression was used on the combined data from both arms to test the association of CR rate with pretreatment characteristics. The data used for this analysis were locked on July 30, 2001 .
As this was a randomized phase 2 trial, the study was not designed to compare the arms. Thus, it is inappropriate to compare the arms of this trial. A P for an arm comparison is presented for the logistic regression model, since a prestudy aim was to perform multivariable modeling of predictors of complete response, and it did not seem reasonable to test Rai stage, age, beta-2 microglobulin (B 2 M), or other prognostic factors while leaving out arm of therapy. In accordance with previously published work on appropriate interpretation of randomized phase 2 trials, 24 no other comparisons between the treatment arms of this study were performed.
Results
Patient characteristics
A total of 104 patients were enrolled on this protocol between January 1998 and January 2000; 53 were randomized to the sequential regimen and 51 to the concurrent regimen. The pretreatment features of these patients are summarized in Table 1 . The median age was 64 years (range, 36-86 years). All patients met the protocol criteria for having CLL. 23 According to the Rai staging criteria, 1 1 This staging system is similar to the criteria outlined in the modified response criteria. 23 The median B 2 M level was 345 n/M (4.01 mg/L). The pretreatment characteristics for patients randomized to each regimen were similar for all of the features shown in Table 1 .
Toxicity
The toxicities observed during induction are summarized in Table 2 for each regimen. All patients were evaluable for toxicity. Overall, treatment was well tolerated in each arm. The 3 most frequent side effects were infusion-related toxicity, myelosuppression, and infections.
Infusion-related side effects were noted in 100% of patients receiving the concurrent regimen during induction. These most commonly consisted of fever, chills/rigors, dyspnea, and hypotension and were generally grade 1 or 2. Only 2 patients (4%) had infusion toxicity with the second administration of rituximab during induction therapy, and none of the patients experienced infusion toxicity during the consolidation therapy with rituximab. Of the first 44 patients enrolled on the concurrent regimen receiving a full dose of rituximab (375 mg/m 2 ) on day 1, 9 (20%) experienced grade 3 or 4 infusion-related dyspnea, hypoxemia, or hypotension. In contrast, no grade 3 or 4 infusion-related dyspnea, hypoxemia, or hypotension was noted in the 7 patients receiving stepped-up dosing with a lower dose (50 mg/m 2 ) on day 1 of therapy. None of the pretreatment variables, including age, stage, B 2 M level, or leukocyte count, predicted which patients would develop severe infusion toxicity (grade 3 or 4 as defined in Appendix 2). Indeed, the median leukocyte count for patients experiencing grade 3 or 4 infusion toxicity was 70.4 ϫ 10 9 /L versus 90.4 ϫ 10 9 /L for other patients (P ϭ .32). Infusion toxicity during consolidation was noted in 5 patients (9%) in the sequential regimen. Of these, only 1 patient (2%) had grade 3 hypotension after the first dose of rituximab. Two of these patients had elevated lymphocyte counts. None of the patients receiving the concurrent regimen had infusion-related toxicity during their re-exposure to rituximab during consolidation.
Hematologic toxicity, particularly grades 3 and 4 neutropenia, was more commonly noted with the concurrent regimen and occurred throughout the 6-month treatment period. Neutropenia was observed during the induction phase with the use of either regimen (76% when patients received rituximab and fludarabine, and 39% with the use of fludarabine alone), as well as during the consolidation phase (19% versus 8%), where rituximab administration was identical in both arms. Grade 3 or 4 neutropenia in the concurrent treatment during consolidation rituximab was noted only in patients who had had grade 3 or 4 neutropenia during induction. Similarly, 2 of the 3 patients in the sequential arm who developed grade 3 or 4 neutropenia during consolidation rituximab had previously had neutropenia during induction. Grade 3 or 4 thrombocytopenia was noted in 20% and 10% of the patients on the concurrent and sequential arms, respectively, and anemia in 4% and 0% of the patients, respectively.
Infectious toxicity occurred commonly in both regimens throughout therapy, with similar overall frequencies as shown in Tables 2  and 3 . Most of these infections were mucocutaneous infections as previously reported with fludarabine, but opportunistic pathogens were also noted. With the concurrent regimen, 8 opportunistic infections were noted: 2 dermatomal varicella zoster infections, 3 localized herpes simplex infections, and 1 case each of influenza A, Echo virus, and Pneumocystis carinii pneumonia. With the sequential regimen, there were 14 opportunistic infections, including 2 dermatomal varicella zoster infections, 7 localized herpes simplex infections, and 1 case each of influenza A, cytomegalovirus pneumonia, and pneumocystis carinii pneumonia. While toxicity assessment of treatment was confined to the first 11 months of therapy, no significant opportunistic infections were noted following this period in patients observed in CR or partial response (PR) without further treatment.
Other uncommon toxicities included 3 cases of grade 3 or 4 pulmonary toxicity (isolated interstitial pneumonitis, interstitial pneumonitis with cardiomyopathy, and bronchiolitis obliterans with organizing pneumonia) on the concurrent arm after 2, 3, and 5 cycles of therapy, respectively. This was successfully treated in all patients by stopping fludarabine therapy and administering a short course of corticosteroid treatment. One of these patients went on to receive consolidation rituximab without any subsequent toxicity. Two cases of autoimmune hemolytic anemia were noted in the sequential regimen during fludarabine therapy, and one case each of idiopathic thrombocytopenic purpura and pure red cell aplasia were observed with concurrent fludarabine and rituximab. Three cases of neurotoxicity were noted that required cessation of fludarabine therapy (1 patient on the concurrent regimen and 2 on the sequential regimen). These consisted of transient confusion (n ϭ 1), isolated headache (n ϭ 1), and headache and confusion (n ϭ 1). These toxicities were reversible with cessation of fludarabine therapy.
Response to treatment and treatment outcome
All patients enrolled on this trial were evaluable for response. Response evaluation occurred 2 months following completion of induction (fludarabine or fludarabine plus rituximab) therapy (induction response) and then again 2 months after completion of all therapy (comprehensive response). The treatment responses for each regimen at these 2 different time points are shown in Table 4 .
With the use of an intent-to-treat analysis for the 51 patients enrolled on the concurrent regimen, the induction CR rate was 33% (95% CI, 0.20-0.46), and the overall response rate (CR plus PR) was 90%. Of the 21 patients with a PR due to disease (8 nodular PR, 13 PR) after induction, the responses in 2 (10%) were converted to a CR after the rituximab consolidation therapy. These conversions occurred only in patients with a nodular PR. Four additional patients on the concurrent regimen had no evidence of CLL after induction therapy (including morphologically normal bone marrow biopsies), but had persistent cytopenias that prevented a CR classification following induction but that resolved during consolidation. The comprehensive response rate for the patients in the concurrent regimen included a 47% (95% CI, 0.33-0.61) CR rate and an overall response rate of 90% (95% CI, 0.82-0.98). No patients in the concurrent arm had a further reduction in their measurable lymph node disease beyond the final posttreatment response evaluation that might have resulted in a conversion to a PR or CR. One patient with minimal residual nodules in the bone marrow at 2 months after treatment had no evidence of nodular disease at 1 year after completion of therapy. The response rate for the 53 patients enrolled on the sequential regimen included an induction CR rate of 15% (95% CI, 0.05-0.25) and an overall response rate of 77%. Of the 32 patients with a PR due to disease (12 nodular PRs, 20 PRs) after induction who received consolidation rituximab, 7 (22%) had a conversion to a CR following consolidation therapy. Six of these conversions occurred in patients with nodular PR. The comprehensive response rate for these patients included a 28% (95% CI, 0.16-0.40) CR rate and an overall response rate of 77% (95% CI, 0.66-0.89). No patients with stable disease following fludarabine therapy had a conversion to a PR or CR following receipt of rituximab therapy during the consolidation therapy. No patients had further reduction in their measurable lymph node disease beyond the 2-month posttreatment response evaluation that might have resulted in conversion to a PR or CR.
Outcome data relative to PFS and overall survival are shown in Figures 1 and 2 . After a median of 23 months of follow-up, 18 patients (35%) have experienced a relapse on the concurrent regimen and 15 (28%) on the sequential regimen. The estimated 2-year progression-free survival is 70% for each regimen. No deaths unrelated to CLL were documented during this period. Among the 104 patients enrolled on this trial, only 8 (6 on the concurrent regimen and 2 on the sequential regimen) have died. Of the 6 deaths on the concurrent regimen, 2 patients died in CR (1 of a wasting syndrome not attributed to therapy or CLL, and 1 of a pulmonary embolism). Two other patients received only 1 day of protocol therapy owing to toxicity (1 with neurotoxicity, and 1 with infusion-related toxicity) and ultimately died of progressive CLL. The final 2 patients died of progressive CLL or Richter transformation following receipt of the prescribed protocol therapy. The 2 deaths in the sequential regimen were attributed to progressive CLL.
Clinical features predicting response and toxicity to treatment
We examined whether regimen, age, sex, Rai stage (intermediate versus high), lactate dehydrogenase (LDH) level, or B 2 M level predicted CR during induction and/or consolidation therapy. The concurrent regimen had a significantly higher CR rate when compared with the sequential regimen (P ϭ .048). A higher CR rate was not correlated with intermediate versus high Rai stages (43% versus 29%; P ϭ .15) or with sex, age, LDH level, or B 2 M level (P Ͼ .40 for all of these).
For each arm, we examined factors that predict for both hematologic and infectious toxicity by examining the variables of age, Rai stage, B 2 M level, performance status, leukocyte count, and spleen involvement. With the concurrent regimen, only poor performance status (2 or 3) (P ϭ .02) predicted for hematologic toxicity, and no variable predicted for infectious toxicity. With the sequential regimen, both high-risk Rai stage disease (P ϭ .0006) and increased B 2 M level (P ϭ .0003) predicted for hematologic toxicity, and no variable predicted infectious toxicity.
Discussion
In this randomized phase 2 trial, we have demonstrated that the anti-CD20 monoclonal antibody rituximab can be safely administered concurrently with fludarabine in previously untreated CLL patients. This concurrent regimen yields an overall response rate of 90% and a CR rate of 47%. The CR rate with the concurrent regimen was higher than the 28% CR rate noted when rituximab was administered sequentially following 6 cycles of fludarabine alone. In the latter arm, we demonstrated that weekly rituximab did not covert the response of any patients with stable disease after receiving 6 cycles of fludarabine to a partial response or better. To our knowledge, the present study represents the first direct randomized comparison of concurrent versus sequential rituximab in combination with chemotherapy. Despite the increased efficacy with the concurrent regimen, only granulocytopenia was more common. Indeed, neither infections, including opportunistic pathogens, nor other toxicities, such as thrombocytopenia and anemia that are generally associated with chemotherapy-induced myelosuppression, were more common with the concurrent regimen. For CLL, this trial establishes that the concurrent administration of rituximab and fludarabine is quite effective at inducing a high incidence of CR not previously attainable and appears to be superior to both fludarabine alone and sequential fludarabine followed by rituximab. The long-term benefit of this therapy as related to PFS and overall survival is not yet known. To answer this question, CALGB is planning to test this regimen against monotherapy with fludarabine in a phase 3 clinical trial. On the basis of the previous CALGB intergroup trial 7 and 2 European trials, 6, 8 fludarabine is the appropriate standard therapy to compare against new regimens, such as the concurrent fludarabine and rituximab regimen described here.
Rituximab causes profound and prolonged depletion of B lymphocytes. Similarly, fludarabine treatment in CLL causes profound and prolonged depletion of T-cells. Several prior studies have identified [25] [26] [27] the increased risk of opportunistic infections observed with fludarabine-based therapies. Combining fludarabine and rituximab as administered in either the concurrent or sequential regimen of this study was therefore performed with great attention to infectious morbidity. The frequency of infections was similar in the 2 treatments, with 8 opportunistic infection noted in the concurrent regimen and 14 in the sequential treatment. The majority of these opportunistic infections were viral in origin and often localized. Pneumocystis carinii pneumonia, another opportunistic pathogen associated with purine nucleoside analog combination therapies, was noted in only 2 patients. On the basis of the infectious data derived from this trial, preventive strategies (prophylaxis) against herpes virus infections would appear warranted. In contrast, the low frequency of pneumocystis carinii pneumonia in this patient population does not justify empiric antimicrobial therapy targeting this organism.
One concern about the use of rituximab in CLL is infusionrelated toxicity. This concern arises from several studies demonstrating that rituximab can cause severe infusion-related toxicity in a minority of patients and that a high number of circulating tumor cells might predispose patients to this. 18, 22, [28] [29] [30] [31] [32] Subsequent studies demonstrated that rituximab-infusion toxicity does not correlate with blood tumor cell count but is directly mediated by cytokines such as tumor necrosis factor-alpha (TNF-␣), interferon-␥ (IFN-␥), interleukin 6 (IL-6), and IL-8. 18, 22 As these cytokines are likely to be more elevated in patients who have not received prior chemotherapy, we required close observation during the first rituximab treatment. Following the first and second treatments for each patient with the concurrent regimen, information was obtained about any reactions with the treatment. Infusion toxicity was assessed by means of the criteria outlined in Appendix 2, to provide useful information to practicing oncologists about toxicities that would be likely to extend office observation time or lead to hospitalization. Infusion toxicity was manageable in almost all cases, with or without stepped-up dosing. However, stepped-up dosing may have diminished early-infusion toxicity of rituximabbased therapy in CLL, as previously reported, 22 although larger studies will be required to confirm these findings. Furthermore, prior treatment with fludarabine greatly diminished the infusion toxicity observed with subsequent rituximab treatment. Only 9% of patients on the sequential regimen had any toxicity, and only 2% of patients experienced grade 3 or 4 toxicity.
Previous phase 2 single-agent studies and combinationtreatment studies of rituximab with alkylator-based chemotherapy in lymphoma have not demonstrated myelosuppression as a defined toxicity of rituximab. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [33] [34] [35] It is notable that in this study 74% of the patients receiving the concurrent combination of rituximab and fludarabine had grade 3 or 4 neutropenia. Possible explanations for this include the compromised marrow reserve present in most CLL patients when therapy is required or the excess plasma TNF-␣ levels noted in this disease, 36, 37 both factors known to predispose to chemotherapy-induced cytopenias. 38 However, a preliminary report on low-grade NHL noted similar enhanced myelosuppression when these 2 agents were combined, suggesting a more complicated mechanism may exist that is currently not well understood. 39 It is notable, nonetheless, that this excess neutropenia during induction with the combination of rituximab and fludarabine did not predispose to an excess number of neutropenic fever episodes or life-threatening infections when compared either with the sequential arm in this trial or with the previous intergroup trial, which administered fludarabine alone.
The low CR rate achieved with previous therapies used for CLL probably relates to several different mechanisms of disrupted apoptosis. 40, 41 Overexpression of several antiapoptotic proteins (mcl-1, bag-1) and the presence of specific genetic aberrations [p53 mutations, ataxia telangiectasia gene mutations, and interphase cytogenetic abnormalities including del(17p13)] have been associated with poor response to fludarabine-based therapy. [42] [43] [44] [45] [46] [47] [48] [49] [50] One of the attractive features of immunotherapy with monoclonal antibodies, such as rituximab, is that the proposed mechanism of cell clearance is different from that of cytotoxic chemotherapy, involving both complement-mediated cell lysis and antibody-dependent cellular cytotoxicity. [51] [52] [53] However, recent evidence shows that a portion of CLL patients receiving rituximab treatment have in vivo activation of caspase-9, caspase-3, and poly-adenosine-5Ј-diphosphate-ribose polymerase (PARP) cleavage in blood leukemia cells immediately following treatment. 54 Activation of caspase-9 and caspase-3 occurs with a variety of chemotherapy agents in CLL, including fludarabine, so enhanced response would not necessarily be expected. However, it was noted that significant down-modulation of the antiapoptotic proteins XIAP and Mcl-1 occurred in the majority of patients receiving rituximab irrespective of response. 54 Favorable modulation of these antiapoptotic proteins by rituximab may explain the enhanced response observed with the concurrent regimen, while less benefit was observed with the sequential regimen.
Risk stratification of treatment based upon pretreatment biologic factors has become standard for patients with acute myeloid leukemia 55 and acute lymphoblastic leukemia. 56 Various clinical features, including age, Rai stage (which includes anemia and thrombocytopenia), and serum B 2 M levels, have been associated with inferior response and poor long-term treatment outcome after alkylator-and purine analog-based therapy for CLL. 57, 58 Recent studies examining molecular aberrations, including p53 mutations, unfavorable cytogenetics, CD38 expression, and somatic variable-heavy (VH) gene mutational status, have demonstrated that these are also important determinants for treatment outcome in CLL. [42] [43] [44] [45] [46] [47] [48] [49] [50] [59] [60] [61] [62] [63] [64] [65] [66] It is of interest that several standard prognostic factors, including age, Rai stage, and B 2 M level, were not shown to be important in predicting treatment outcome for the group of patients treated in this trial. Similar results with respect to the lack of importance of age to treatment outcome have been observed in the 2 trials examining altered dosing of rituximab therapy in previously treated patients with CLL. 22, 22 From clinical features alone, we cannot prospectively identify subsets of patients who have a low likelihood of responding to combination therapy with fludarabine and rituximab. Examination of additional prognostic factors is warranted. It is hoped that the results of these studies will profile those patients who have the greatest chance of gaining benefit from fludarabine and rituximab-based combination therapy.
The addition of rituximab to fludarabine in this trial builds upon the single-agent results of the intergroup CALGB trial that were recently reported. 7 Several pilot studies have demonstrated that the addition of cyclophosphamide to fludarabine enhances the CR rate or the rate of negative results by flow cytometry in previously untreated CLL. 9, 10 A phase 3 intergroup study is now ongoing to determine if fludarabine and cyclophosphamide administered together are more efficacious than fludarabine monotherapy. Investigators at the MD Anderson Cancer Center (Houston, TX) have combined rituximab with fludarabine and cyclophosphamide and have reported preliminary results showing a CR rate of 66% in previously untreated CLL. 67 While the CR rate in this singleinstitution trial is higher than we observed with fludarabine and rituximab, the 95% confidence intervals around these values overlap. Because both the concurrent rituximab regimen of the CALGB study described here and studies previously reported by others using fludarabine and cyclophosphamide have shown more granulocytopenia than with fludarabine alone, it will be important to carefully define the importance of cyclophosphamide to improving overall response and remission duration prior to proceeding with randomized studies of all 3 agents. The ultimate goal in treating CLL should be the achievement of a high CR rate that translates into prolonged remissions and possibly cure. Addition of less effective components to up-front treatment regimens not only has the potential to increase toxicity, but may also diminish the ability to add other active agents to the regimen.
In conclusion, we have demonstrated that fludarabine and rituximab administered concurrently are active in CLL as measured by CR rate. Treatment with this regimen was associated with a higher incidence of initial infusion reactions and granulocytopenia than fludarabine alone, but there was no increase in infections. The long-term benefit of this therapy will require continued follow-up examining both PFS and overall survival. However, these data clearly support future phase 3 studies of rituximab combined with fludarabine compared with other fludarabine-based combinations in CLL.
